Parapoxvirus (PPV) infections are of worldwide importance, particularly in sheep and goat herds. Owing to the zoonotic potential of all PPV species, they are a permanent threat to human health as well. The virus is also known to affect wildlife, as reported for pinnipeds, red deer and several other wild ruminants. PPVs found in red deer have been claimed as a unique species according to certain genomic features. So far infection of wildlife has been recognized because of clinical manifestation such as inflammation, stomatitis or typical pox-like lesions in the skin or mucous membranes. Here we report the use of targeted molecular diagnostics for the presence of PPV genomes in tonsil swabs of apparently healthy red deer in the Bavarian Alps. Out of 1764 swabs, 0.79 % tested positive for PPV genome presence. From one sample, PPV was successfully isolated in cell culture. This virus became the subject of complete genome characterization using next generation sequencing and various subsidiary PCR protocols. Strikingly, about a quarter of all ORFs were found to be larger than the corresponding ORFs in the reference PPV genome sequences used for comparison. To our knowledge this is the first genome-wide analysis that confirms red deer PPV as a unique species within the genus Parapoxvirus in Europe. Persistence of PPV in Alpine red deer indicates a source for virus transmission to susceptible livestock and hunters. The findings provide a further example of wildlife animals playing an important role as an inconspicuous reservoir of zoonotic diseases.
INTRODUCTION
Members of the family Poxviridae infect a broad range of vertebrates (subfamily Chordopoxvirinae) and insects (subfamily Entomopoxvirinae). The subfamily Chordopoxvirinae is subdivided into ten genera, one of which is the genus Parapoxvirus (PPV). To date there are four confirmed PPV species recognized by the International Committee on Taxonomy of Viruses (ICTV; http://ictvonline.org/ virusTaxonomy.asp): the prototype member orf virus (ORFV) is endemic in most sheep-and goat-raising countries, whereas bovine popular stomatitis virus (BPSV) and pseudocowpox virus (PCPV) mainly infect cattle. Parapoxvirus of red deer in New Zealand (PVNZ) was first described by Robinson & Mercer (1995) and has become established as a fourth PPV species.
Throughout the world, PPV is known as causative agent of contagious pustular dermatitis in small ruminants (ORFV). After PPV infection in cattle, mild localized inflammation is commonly reported (bovine popular stomatitis; pseudocowpox). Occasionally, severe cases of contagious pustular dermatitis and bovine popular stomatitis occur, most likely linked to immune-suppressive events or secondary bacterial infections (Abu Elzein & Housawi, 1997; Guo et al., 2003; Inoshima et al., 2009; Leonard et al., 2009) . All PPVs can readily be transmitted to humans through direct or indirect contact with infected animals, which normally results in the development of circumscribed skin lesions, historically known as milker's nodules.
1995; Scagliarini et al., 2011) , and finally reindeer and musk oxen from Scandinavia (Falk, 1978; Tikkanen et al., 2004) . In the majority of diseased wildlife the aetiological agent has been identified as either ORFV or PCPV, whereas seal parapoxvirus has been suggested as a new tentative species and so far PPVs originating from red deer have been attributed to PVNZ.
Virus strain RD86 (originally known as deerpox virus, DPV) was isolated from lesions on the velvet of a farmed deer in New Zealand (Robinson & Mercer, 1995) . Comparisons of restriction endonuclease profiles and DNA hybridization analysis revealed the conspicuous genetic distance from other PPV species and led to its classification as a new member of the genus. For many years PVNZ has not been recognized outside New Zealand, although it has been assumed that PPV might be present in red deer outside New Zealand, especially in Europe, since red deer were originally brought to New Zealand from this continent. In 2008, severe cases of pustular stomatitis in wild ruminants (chamois, ibex and red deer) were reported in the Italian Alps . Based on (partial) sequence information of two genes, the B2L gene and the viral vascular endothelial growth factor (vVEGF) gene, Scagliarini et al. (2011) proposed PVNZ as causative agent of the disease in red deer.
Even though whole-genome sequence data are available at least for one prototype species of PPV, little is known about the whole-genome characteristics of PVNZ or other red deer PPV. In general, PPVs possess a linear doublestranded DNA genome that is approximately 140 kbp in length and exhibits a notably higher G+C content (~64 %) than most other poxviruses. The central genomic region of all chordopoxviruses comprises 88 well-conserved genes. These core genes usually occur in a common order and orientation and encode proteins of the transcription and replication machinery (Mercer et al., 2006; Upton et al., 2003) . Genes located outside the central genomic region, however, are considered non-essential for in vivo growth and tend to be genus-or even species-specific. They are of particular importance concerning PPV virulence and virus-host interactions. The ends of the genomes form a typical terminal hairpin loop.
In the course of a survey about the occurrence of wildlife tuberculosis we analysed 1764 tonsil swabs of apparently healthy red deer in the Bavarian Alps; 14 of them tested positive for PPV genome presence. From one swab sample, PPV was successfully isolated in cell culture and was therefore available in sufficient quantity for further genome-wide molecular analysis. To our knowledge, this is the first study that presents next generation sequencing data of a European red deer PPV isolate and confirms the status of red deer PPV as a separate species in close relationship to PVNZ. We also show viral DNA presence in tonsil swabs of macroscopically inconspicuous organs. Thus, in addition to the extraordinary stability of PPV in the environment, the possibility of virus persistence in healthy host animals may contribute to pathogenesis.
Manifestation of disease via infection of small wounds in the oral cavity will be promoted. Additionally, shedding of the virus by apparently healthy animals may facilitate virus transmission among wildlife (e.g. red deer) and to susceptible livestock and hunters.
RESULTS

PCR
PCR results are summarized in Table 1 , which also provides further information about all PPV tonsil swabs presenting a positive result in real-time PCR. In total, 14 (0.79 %) of 1764 swab-derived DNA preparations tested positive for PPV genome presence, but yielded rather high cycle threshold values (C t ; 33.5-39.8). For nine of the 14 samples the result could be confirmed for poxvirus high-G+C genomes by conventional PCR.
Mycobacterial DNA could not be detected in any of the samples.
PPV isolate HL953
PPV HL953 could successfully be isolated in primary bovine cells, and after five cell culture passages ultracentrifugation yielded high-titre virus (10 9 TCID 50 ml
21
). Electron-microscopical examination of the HL953 concentrate revealed typical PPV virion particles in high quantities.
Whole-genome sequencing of HL953. PPV HL953 sequences were assembled into a contiguous sequence of .139 kbp; however, hairpin loop sequences at the end of the genome, as well as the presumed first and last two ORFs, could not be resolved by next generation sequencing owing to ambiguous mapping and failure to assemble de novo. The assembled genome showed a high G+C content of about 65 % -a feature common to all members of the genus Parapoxvirus.
Based on their localization within the HL953 genome, their orientation, the size of the predicted protein and their similarity to well-defined proteins in other PPV reference genomes, 130 genes were predicted in this genome. Table 2 provides an overview of the individual ORFs in the HL953 genome and their amino acid (aa) identity to available reference genome sequences. ORFs are numbered according to the original numbering introduced by Delhon et al. (2004) to allow comparisons with other PPV genomes available through GenBank.
All of the 88 conserved genes that constitute the minimal essential chordopoxvirus genome backbone could be identified in the HL953 genome sequence. The same is true for a set of 12 genes (001/134, 005, 012, 012.5, 013, 024, 073, 113, 115, 124, 125, 006/132 ) that have been shown to be present in all PPV genomes but not in other chordopoxviruses sequenced to date. Of these, only the HL953 ORF 001/134 could not be resolved by next generation sequencing and thus its presence remains unclear.
It is of particular note that 26.8 % of all deduced HL953 proteins were found to be (at least 4 aa) larger than the corresponding protein in all PPV reference genomes available for comparison (see Table 2 ). This applies especially to ORF 007, encoding a deoxyuridine triphosphatase (dUTPase) that presumably consists of 499 aa in the HL953 genome and hence appears to be more than three times larger than every other described parapoxviral dUTPase (Cottone et al., 2002; Delhon et al., 2004; Hautaniemi et al., 2010) .
Sequence homologies to defined BPSV, ORFV and PCPV proteins were remarkably low (Table 2) : only 38.6 % of the predicted proteins showed an aa identity of 80 % or higher when compared with the corresponding reference proteins. In 81 ORFs (63.8 %), the highest aa identity rates were found within the BPSV AR02 genome, indicating a comparatively close relationship of HL953 to this species. ORFV IA82 showed the highest aa identity in 14 ORFs (11.0 %), ORFV SA00 in 15 ORFs (11.8 %), PCPV F00.120R in 12 ORFs (9.4 %) and PCPV VR634 in 16 ORFs (12.6 %). In some cases, two or more reference PPV ORFs showed equal (highest) aa identities with the corresponding HL953 ORF.
Comparative whole-genome analysis also revealed the presence of two BPSV-specific ANK proteins, encoded by ORF 003 and ORF 004, whereas ORF 118, so far only described in ORFV, was absent. Major contiguous gene deletions -as demonstrated for the PCPV genomes F00.120R (ORFs 116-121) and VR634 (ORFs 118-120) -could not be determined within the analysed HL953 sequence, even though the ORFV-specific ORF 118 and in addition ORF 119 (function unknown) are not present either. HL953 contains all of the known or putative virulence-factor-encoding genes: several ankyrin-like repeat (ANK)/F-box protein genes (ORFs 003, 004, 008, 123, 126, 129) , the interferon-resistance protein gene (ORF 020), the chemokine-binding protein gene (ORF 112) , the GM-CSF inhibitory factor gene (ORF 117), the viral interleukin-10 gene (ORF 127) and the viral vascular endothelial growth factor gene (vVEGF, ORF 132). The vVEGF-encoding gene is unique to PPV genomes but has also been shown to be non-essential (Rziha et al., 2000) . Therefore, the existence and sequence peculiarity of HL953 vVEGF were of special interest. In Fig. 1 , sequence alignments of the deduced vVEGF aa sequences of twelve PPVs of different species are demonstrated. Despite the known hyper-variability of the vVEGF gene, HL953 shows high sequence homologies to other PPVs originating from red deer. Strikingly, the vVEGF aa sequences of HL953 and the Italian PVNZ 256/08 are 100 % identical. This is in contrast to the vVEGF aa identities between HL953 and other PPV species, ranging from 31 to 50 %. Similar results were found by Ueda et al. (2007) for PVNZ RD86, which shows 37-54 % aa identity to vVEGFs encoded by ORFV, PCPV and BPSV.
Phylogenetic analysis. To clarify the genetic relationship between HL953 and available PPV reference genomes, molecular phylogenetic analysis using the maximumlikelihood method was applied. The resulting phylogenetic tree ( Fig. 2a) based on concatenated protein sequence data of HL953 and seven PPV reference genomes revealed four distinct clusters, three of them representing the PPV species ORFV, BPSV and PCPV, whereas HL953 is arranged on a separate branch. It becomes evident that HL953 is genetically more closely related to BPSV AR02 than to any other of the ORFV or PCPV species members, but cannot be allocated to the BPSV species.
The phylogenetic analysis with other poxviruses (Fig. 2b ) reveals a relatively close relationship of HL953 to other G+C-rich poxviruses, e.g. squirrelpox virus. Restriction endonuclease digestion of DNA. The fragments of KpnI restriction endonuclease digestion of HL953 DNA flanked by the DNA fragment patterns of ORFV Orf11 and D1701-B, BPSV V660 and PCPV B021 are shown in Fig. 3 . Fragment patterns obtained from HL953 DNA obviously do not resemble any of the patterns generated by KpnI treatment of DNA from ORFV, BPSV or PCPV. Thus, the genetic distance of HL953 from other PPV species is additionally supported by RFLP generated by an enzyme that yields a high number of fragments owing to its GC-rich palindrome.
Reactivity of monoclonal antibodies against Orf virus with HL953. Testing of six PPV-specific mAbs in immuneperoxidase staining of HL953-infected cells revealed reactivity for mAbs 1D9, 8D7 and 10E6, whereas no reactivity was detected with mAbs 2E5, 6E8 and 11D7 (Housawi et al., 1998) . Table 3 provides an overview of the reactivity of the mAbs tested with various PPVs in this study compared with previous results from Housawi et al. (1998) . According to the reactivity of HL953 with the indicated mAbs in infected permissive cells, a relationship to the BPSV representative V660 is more likely than to ORFV and PCPV.
Western blotting. Western blot experiments were performed using PPVs of every species purified from infected bovine oesophagus (KOP) cell supernatants.
Initially, mAb 6E8 was tested against PPV proteins of ORFV D1701-A, PCPV B021, BPSV V660 and PPV HL953. Monoclonal antibody 6E8 recognized a protein of about 39 kDa in D1701-A and B021, but it failed to detect any virus protein in V660 and HL953 (Fig. S1 , available in the online Supplementary Material). (Thompson et al., 1994) . 
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Parapoxvirus (PPV) of red deer
When using serum from an Orf virus-hyper-immunized rabbit, prominent protein bands at~39-40,~56 and 60 kDa were marked in all samples. It is well known though, that reactivity of polyclonal serum Abs with proteins of different PPV species cannot be used for virus species differentiation. Thus, the protein-marking pattern of HL953 with rabbit serum antibodies also did not show a species-differentiating reactivity. Negative control sera from two non-infected rabbits did not show a detectable reaction (Fig. S2) .
DISCUSSION
In this study we present next generation sequencing data and further molecular and serological analyses of a European red deer PPV isolate from Germany.
To date, only one PPV found in red deer (RD86) has been isolated in cell culture (Robinson & Mercer, 1995) . However, only virus propagation in cell culture allows production and purification of sufficient PPV as well as high quality DNA thereof. The successful isolation of PPV HL953 from the tonsil swab of a red deer allowed the extracted viral DNA to be used for next generation sequencing and enabled us to gain a genome-wide insight into the molecular features of the analysed DNA. On the other hand, cell culture passages and adaptation of PPV to growth in cell lines can lead to substantial changes in the genome, as shown for the highly attenuated ORFV strain D1701-B (Cottone et al., 1998) . Recently, it was demonstrated that after seven cell culture passages larger deletions within the PPV genome can have already occurred (Hautaniemi et al., 2011) . Based on this information, virus passages for the present study were limited to a maximum of five.
The HL953 genome sequence revealed typical PPV genome features. At the same time, electron microscopic examination showed characteristic PPV particles displaying the distinct 'ball of wool' morphology. Thus, HL953 can conclusively be assigned to the genus Parapoxvirus. The fact that about a quarter of all HL953 ORFs were found to be larger than the corresponding ORFs in the reference PPV genome sequences may be indicative of the plasticity of PPV genomes. The most striking difference in size was found for HL953 ORF 007 (dUTPase). A literature search revealed that even other large DNA viruses, like herpesviruses, are not equipped with a dUTPase of this size (e.g. Epstein-Barr virus type 2 dUTPase: 278 aa). The unusual size of ORF 007 in the HL953 genome sequence is the result of a missing stop codon, possibly due to a readingframeshift mutation. While the initial part of ORF 007 shows homologies to other dUTPase genes, no homologies -on the nucleotide or aa level -to parapoxvirus genes can be found for the remaining two-thirds of ORF 007. For this reason, however, it must be expected that HL953 does not encode a functional dUTPase.
So far only a limited amount of (partial) sequence information for single genes of PPV from red deer or PVNZ is available for comparison. Concerning virulence genes, the vVEGF gene sequences of four PPVs originating from red deer are available: PVNZ RD86 from New Zealand (Robinson & Mercer, 1995) and PVNZ 256/08, 348/08 and 168/09 from Italy . Vascular endothelial growth factor (VEGF) is a specific proliferation-promoting protein that acts on endothelial cells. In PPVs it is assumed to be an orthologue of the mammalian VEGF-A (5VEGF) and has been detected in all established species of the Parapoxvirus (Delhon et al., 2004; Lyttle et al., 1994; Mercer et al., 2006; Ueda et al., 2003 Ueda et al., , 2007 . A remarkable feature of the vVEGF is the exceptional high sequence variation at the inter-and intraspecies level. For example, the vVEGF sequences of IA82 and SA00, isolates of the same species (ORFV), share as little as 38 % aa identity (Delhon et al., 2004) . Extraordinarily high sequence homologies between HL953 and the four PVNZ vVEGF sequences deposited in GenBank, however, indicate that HL953 and the PVNZ strains from New Zealand and Italy are members of the same species. Even though comparative whole-genome sequence 
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analyses are required to ultimately confirm this presumption, we were able to show by a phylogenetic analysis based on 125 genes that HL953 is to be allocated to a species separate from ORFV, BPSV and PCPV. This is further confirmed by the results from RFLP analysis with KpnI. Reactivity of HL953 proteins with PPV-specific mAbs points to a closer relationship between HL953 and BPSV (Table 3) , as is also indicated by the phylogenetic analysis (Fig. 2) . It can be concluded that PPV of red deer in fact forms a unique species within the PPV genus and that HL953 is a representative of this species. The extraordinary length of ORFs in the HL953 genome will be the subject of further research.
Out of 1764 tonsil swabs from hunted Alpine red deer, 14 (0.79 %) tested positive for PPV genome presence by PCR. Affected animals appeared to be healthy and did not show any lesions on their muzzle, head or antlers. This is in contrast to previous reports on diseased red deer showing mild to severe lesions or that even involved fatal clinical outcomes (Horner et al., 1987; Robinson & Mercer, 1995; Scagliarini et al., 2011) . By demonstrating the presence of PPV in tonsil swabs of red deer without any clinical signs, the subclinical persistence of PPV in red deer became evident. Virus persistence has already been assumed for BPSV, where typical BPSV lesions were detected in two formerly symptom-free calves 4 weeks after they had been brought to an A3 facility (Dal Pozzo et al., 2011) . It can be hypothesized that persistent PPV infections (in wild ruminants and other hosts) with periodical virus shedding and lesion manifestation facilitate virus survival and spread under promoting conditions.
It has not yet been clarified if natural transmission of PVNZ to domestic animals is possible, but inoculation of the virus into ORFV-susceptible sheep led to the formation of mild lesions (Robinson & Mercer, 1995) . In the Alpine regions, cattle summer pastures are commonly co-inhabited by red deer, allowing for virus transmission from wild to domestic ruminants. Wild ruminants like reindeer, musk oxen and chamois have already been proven to be an animal source of PPV infection in humans (Falk, 1978; Kitchen et al., 2014) . The transmission of PPVs from cervids to humans has been reported for white-tailed deer and other deer species (Kuhl et al., 2003; Roess et al., 2010; Smith et al., 1991) . None of these cases, however, involved the presence of PVNZ; the transmitted virus was found to be ORFV or PCPV. Although zoonotic human infection with PVNZ or related red deer PPV has yet to be demonstrated, virus transmission to humans, e.g. to hunters handling deer carcasses, should be considered a potential risk.
METHODS
Parapoxviruses used in this study. The origin and features of all PPVs included in this study are presented in Table S1 . Reference sequences of AR02, F00.120R, VR634, SA00, IA82 and NZ2 for sequence and phylogenetic analyses were obtained from GenBank (http://www.ncbi.nlm.nih.gov/genbank/).
Sample collection. In the years 2011-2014, a large-scale tuberculosis-monitoring programme was executed in hunted red deer in the Bavarian Alps. Swabs (Sigma-Transwab; Medical Wire & Equipment) were taken by pathologists from tonsils of 1764 hunted animals without clinical or macroscopic visible pathological signs at the time of inspection. In the context of red deer tuberculosis monitoring, swabs were sent to the laboratory of the Bavarian Health and Food Safety Authority for further analysis and were stored at 280 uC when not processed immediately for DNA extraction.
DNA extraction. After an incubation time of 1 h in 500 ml medium (PBS with Ca and Mg, 1 % Gibco antibiotic-antimycotic, 2 % Fungizone antimycotic and 0.3 % gentamicin), swabs were squeezed out and 50 ml of the resulting suspension was subsequently used for pooled DNA extraction (each pool comprising four samples) with a DNeasy Blood and Tissue kit (Qiagen) following the manufacturer's instructions.
PCR
Pox high-GC-PCR and pan-PPV-PCR. The presence of poxviral and parapoxviral DNA respectively was verified by two PCR assays. Pooled samples (n54) were screened for PPV genome presence by a pan-PPV real-time PCR, targeting a 95 bp fragment of the B2L gene (Nitsche et al., 2006) . If tested positive for PPV genome presence, the relevant pool was resolved by using each sample separately as a template in a second pan-PPV-PCR run.
Extracted DNA of swabs yielding a positive result in the pan-PPV-PCR was subsequently analysed by the pox high-GC PCR assay, which was designed to amplify high-GC content poxviruses .
Verification of potential tuberculosis co-infections. In order to clarify a potential co-occurrence of PPV and mycobacteria of the Mycobacterium tuberculosis complex, extracted DNA was additionally tested for the presence of mycobacterial DNA following a protocol of the National Veterinary Reference Laboratory for Tuberculosis (Federal Research Institute for Animal Health, Jena, Germany) (Federal Research Institute for Animal Health, 2014).
PPV isolate HL953. PPV HL953 was isolated from a tonsil swab of a red deer calf (Cervus elaphus) hunted in Oberallgäu, Bavaria, Germany in January 2013. The animal was apparently healthy and PPV lesions could not be observed.
Propagation in cell culture. Virus-containing medium (see above: DNA extraction), free of bacterial contamination, was inoculated in primary BVDV-and mycoplasma-free KOP cells (cell culture collection, Friedrich-Loeffler-Institute, Riems, Germany). When cytopathic effects became visible under the light microscope, the infected cell cultures were incubated for 7 days until complete cell destruction had occurred. Once virus isolation had succeeded, cell culture passages were continued up to a maximum of five.
Virus concentration and viral DNA extraction. The debris-cleared supernatants of infected cell cultures showing complete cytopathic effects were ultracentrifuged at 50 000 g for 2.5 h in an Optima L90K centrifuge (Beckmann Coulter). The supernatant was checked for PPV particles by transmission electron microscopy (JEM-1400; JEOL), using negative staining with 1 % aqueous uranyl acetate.
Viral DNA was subsequently extracted from 2 ml of resuspended pellet of the fifth cell culture passage virus using a Puregene Blood Core kit A (Qiagen) as specified by the manufacturer.
Next generation sequencing. Whole-genome sequencing libraries were prepared as small insert (300-700 bp) paired-end libraries and as long-jumping mate-pair libraries (insert sizes from 1.5 to 8 kb). The paired-end libraries were prepared from 1 ng genomic DNA by a tagmentation method (NexteraXT library prep kit; Illumina) following the manufacturer's protocol. The bar-coded library was sequenced on a fraction of a 26250 bp MiSeq Run, yielding approximately 250 000 read pairs. Long-jumping mate-pair libraries were prepared from 1 ng genomic DNA using the Nextera Mate-pair kit from Illumina. Briefly, large adaptor-ligated fragments were generated by tagmentation, circularized, exonuclease-digested to enrich for circularized DNA, sonicated to small fragments and then adaptor-ligated and amplified to obtain the finalized library. The barcoded library was sequenced on a fraction of a 26150 bp Rapid Run on a HiSeq1500 yielding approximately four Mio pairs containing the junction adaptor. Paired-end and mate-pair reads were assembled with VELVET by running the VelvetOptimizer routine in Galaxy (Goecks et al., 2010) . The contigs were aligned to related PPV genomes to identify possible gaps. From the borders of putative gaps, primer sequences were derived and gap-spanning PCR products were generated. Sanger sequences from these amplicons were used for manual gap-closing.
The assembled genome sequence of HL953 has been deposited in GenBank under accession no. KM502564.
Sequence analysis. Illumina read pairs and the Sanger sequences were aligned to the draft genome of HL953 with BWA (Li & Durbin, 2009 ) and inspected on the Integrative Genomic Viewer, a highperformance visualization tool for interactive exploration of large, integrated genomic datasets (Robinson et al., 2011) .
The Genome Annotation Transfer Utility (GATU) (Tcherepanov et al., 2006) was used to identify and determine ORFs putatively encoding genes within the HL953 genome. Potential ORFs not covered by GATU were manually checked by using BLASTP, provided by the National Center for Biotechnology Information (NCBI; https://blast.ncbi.nlm. nih.gov/Blast.cgi?CMD=Web&PAGE_TYPE=BlastHome).
VEGF gene sequences of different PPV species available through GenBank and of HL953 were aligned at both nt and aa levels with CLUSTAL W (Thompson et al., 1994) .
Phylogenetic analysis. Predicted protein sequences of HL953 and protein sequence data of representatives of ORFV, BPSV and PCPV were used to determine phylogenetic relationships within the PPV genus. For this purpose, a maximum-likelihood tree was reconstructed based on concatenated data of those proteins present in all analysed PPV genomes, namely ORF 009-115 (excluding ORF 073.5), ORF 122-126 and ORF 129-132/006. Analyses were performed with MEGA 6.0 software (Tamura et al., 2013) , using the Jones-TaylorThornton model for aa substitutions. The result was verified by bootstrap analysis of 100 replicates.
To visualize the relationship of HL953 to other poxviruses, an additional phylogenetic analysis, using 16 conserved poxvirus proteins, was conducted. This set of proteins has already been used by Gubser et al. (2004) to compare chordopoxviruses and includes important proteins of the transcription and replication machinery and structural components: vaccinia virus Copenhagen E9L, E9L, I7L, I8R, G9R, J3R, J6R, H2R, H4L, H6R, D1R, D5R, D6R, D13L, A7L, A16L and A24R (D11L could not be identified in the squirrelpox virus and thus was not included in the analysis). Poxviruses selected for this analysis were crocodilepox virus, fowlpox virus, molluscum contagiosum virus, myxoma virus, squirrelpox virus, vaccinia virus Copenhagen and modified vaccinia virus Ankara. The maximumlikelihood tree was generated as described above.
Restriction endonuclease digestion of DNA. One microgram of DNA of HL953 and at least one member of every other PPV species (Orf 11 and D1701-B (ORFV), V660 (BPSV) and B021 (PCPV)) was used for comparative restriction endonuclease digestion with KpnI (Thermo Fisher Scientific). Restriction enzyme cleavage was performed according to the instructions of the manufacturer, and the resulting DNA restriction fragments were separated by agarose gel electrophoresis on an ethidium bromide-stained 0.5 % agarose gel for 3 h at 60 V.
Reactivity of monoclonal antibodies against Orf virus with HL953. A set of six mouse mAbs (kindly provided by Peter Nettleton, Moredun Research Institute, Edinburgh, UK) was tested for its reactivity with HL953 : 1D9, 2E5, 6E8, 8D7, 10E6 and 11D7 (Housawi et al., 1998) .
Monoclonal antibody 6E8 was also tested with BPSV V660 and B177, ORFV D1701, B015 and B029, and the reactivity of mAb 1D9 with D1701 and of mAbs 8D7 and 11D7 with V660 was determined.
For the indirect immunoperoxidase assay, KOP cells were simultaneously inoculated with PPV (100 ml per well) in a 6-well plate and incubated for 3-4 days (37 uC, 5 % CO 2 ) until cytopathic effect was visible. After discarding the cell supernatants and washing [washing solution (ws) I] the cell culture plate three times, cells were fixed in ethanol/methanol (3 : 1) for 20 min at 4 uC. The plate was washed (ws I) again. The relevant mouse monoclonal antibody (1 : 500 in PBS with 2 % horse serum) was applied, followed by an incubation of 1 h
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at 37 uC in a humidity chamber and washing (ws II) of the plate (three times). This procedure was repeated using a horseradish-labelled rabbit anti-mouse IgG (Jackson ImmunoResearch Laboratories) (1 : 500) as secondary antibody. The cells in the plates were covered with the substrate (Vector VIP substrate; Vector Laboratories), incubated for 15-20 min in the dark at room temperature, washed (ws I), and examined under a light microscope (CKX41; Olympus). All washing steps were conducted with ws I [Aqua bidest : ws II (2 : 1)] or ws II (PBS with 0.1 % Tween 20).
Western blotting. PPVs for Western blot analysis (HL953, D1701-A, B021, V660) were grown in KOP cells up to a maximum of five passages and subsequently purified by ultracentrifugation through a sucrose cushion. Protein quantification was carried out with the BCA Protein Macro Assay kit (SERVA Electrophoresis), a bicinchoninic acid-based protein assay method. Viral proteins (5-6 mg) were resolved by SDS-PAGE under denaturing and reducing conditions using a 12 % NuPage Novex Bistris Mini Gel of the NuPAGE electrophoresis system (Life Technologies, Invitrogen). Proteins were transferred to a 0.45 mm polyvinylidene fluoride (PVDF) membrane with a Pierce Fast-SemiDry Blotter (Pierce Biotechnology) and the PVDF membrane was subsequently blocked overnight with Tris-buffered saline containing 0.05 % Tween 20, 20 % FBS and 2 % BSA. Monoclonal antibody 6E8 (Santa Cruz Biotechnology), which has been shown to react with the 39 kDa immunodominant envelope protein in ORFV (Housawi et al., 1998) , and serum from an ORFV hyper-immunized rabbit (kindly provided by C.-P. Czerny, Faculty of Agricultural Sciences, Institute of Veterinary Medicine, Georg-August University, Göttingen, Germany) were used as primary antibodies. Membranes were finally probed with horseradish-labelled rabbit anti-mouse IgG (Jackson ImmunoResearch Laboratories) or goat anti-rabbit IgG (Promega) followed by ECL chemiluminescent substrate (Life Technologies, Invitrogen). The resulting protein bands of the blots were visualized with a Fusion FX Imaging System (Vilber Lourmat).
